Objective: To investigate the safety, efficacy and long-term patency of parallel shunts (PS) in the management of the transjugular intrahepatic portosystemic shunt (TIPS) dysfunction. Materials and Methods: Between March 2007 and October 2010, 18 patients (13 men and 5 women) who underwent TIPS revision with the creation of PS were evaluated retrospectively. In the first 10 patients, a 10-mm-diameter Wallgraft endoprosthesis was deployed; in the latter 8 patients, an 8-mm-diameter Fluency endoprosthesis was deployed. Results: The creation of PS was technically successful in all patients. The mean ± standard deviation portosystemic pressure gradient before and after the procedure was 25.5 ± 7.3 mm Hg (range, 16-37 mm Hg) and 10.9 ± 2.3 mm Hg (range, 7-16 mm Hg), respectively. The duration of follow-up was 16.7 ± 10.8 months (range, 6-42 months). The primary shunt patency rates at 12 months after the creation of PS was 70% with Wallgraft endoprostheses and 87.5% with Fluency endoprostheses. Conclusion: TIPS revision with the creation of PS is a safe, effective and durable method for treating shunt dysfunction.
INTRODUCTION
Since the transjugular intrahepatic portosystemic shunt (TIPS) was first introduced clinically in 1989, it has been considered an effective and safe procedure for treating complications of portal hypertension (1, 2) . However, the main drawback of this procedure is the high rate of Parallel Shunt for the Treatment of Transjugular Intrahepatic Portosystemic Shunt Dysfunction Xuefeng Luo, MD 1, 2 , Ling Nie, MD 3 , Jiaywei Tsauo, MD 1, 2 , Zhu Wang, MD 1, 2 , Chengwei Tang, MD 1 shunt dysfunction. The one-year primary patency rate after de novo TIPS creation is below 50%, and the longterm patency is disappointing (3, 4) . TIPS dysfunction is usually associated with acute thrombosis within the stent, pseudointimal hyperplasia in the TIPS parenchymal tract or intimal hyperplasia in the outflow hepatic vein (5) (6) (7) .
Recently, the use of expanded polytetrafluoroethylene (ePTFE)-covered stent grafts have shown remarkably improved long-term shunt patency by avoiding pseudointimal hyperplasia (8) (9) (10) . Several methods have been utilized in treating the TIPS dysfunctions, including balloon angioplasty, stent insertion and the creation of a parallel shunt (PS). PS is generally used as the last therapeutic option when the initial shunt cannot be accessed by the guidewire or a puncture needle. However, there is little data on the clinical use of PS for the management of TIPS dysfunctions. The aim of this retrospective study was to investigate the safety, efficacy and long-term patency of PS.
MATERIALS AND METHODS

Patient Selection
This retrospective study was approved by the ethics committees of West China Hospital, Sichuan University. Between March 2007 and October 2010, a total of 132 patients were admitted to our institution for TIPS dysfunction, and 18 of these patients underwent the creation of PS because the original shunt could not be accessed. There were 13 male and five female patients, with a mean age of 50.2 ± 12.1 years (range, 31-69 years). The underlying liver diseases in the studied patients were hepatitis B cirrhosis (n = 12), alcoholic cirrhosis (n = 3), hepatitis C cirrhosis (n = 2) and Budd-Chiari syndrome (n = 1). Four patients had the Child-Pugh class A cirrhosis, nine had the class B disease, and five had the class C disease. Indications for initial TIPS creation were recurrent variceal bleeding in 15 patients and refractory ascites in three patients. The mean primary patency time was 12.7 ± 13.6 months (range, 1-53 months). The symptoms of TIPS dysfunction were recurrent variceal bleeding in 11 patients, recurrent ascites in two patients and abnormal ultrasonography (US) findings in five patients.
Procedure
The procedure was explained in detail to all patients, and written consent was obtained from each patient before the procedure. All procedures were performed or supervised by one experienced interventional radiologist. PS was created using the classic TIPS technique (11, 12) . In our series, the portal vein was punctured from the middle or right hepatic vein in 16 patients and from the inferior vena cava (IVC) in 2 patients. Once the catheter position in the portal vein was confirmed, a 5 Fr pigtail catheter (Cordis, Roden, the Netherlands) was introduced into the portal region, and a portography was obtained to outline the portal venous anatomy. Then, the liver parenchymal tract was dilated with an 8 x 60 mm angioplasty balloon (Cordis, Roden, the Netherlands). The stent-graft was deployed to cover the entire length of the shunt to the junction of the hepatic vein and IVC. In the first 10 patients, a 10-mm-diameter Wallgraft endoprosthesis (Boston Scientific, Galway, Ireland) was used. In the latter 8 patients, an 8-mm-diameter Fluency endoprosthesis (Bard, Karlsruhe, Germany) was used. After this, a final shunt venogram was performed. In addition, the portosystemic pressure gradient (PPG) was measured before and after the procedure. Patients with a PPG higher than 12 mm Hg underwent prophylactic embolization of varices with metal coils.
All patients received a single prophylactic dose of a second-generation cephalosporin one hour before the procedure. Intravenous heparin (3000 U) was administered immediately after a successful PS creation, except in the patients who had a coagulation disorder. Subsequently, the antiplatelet therapy with aspirin was maintained for life.
Follow-Up and Definitions
Technical success was defined as a correct positioning and deployment of the stent-graft parallel to the initial shunt. All patients were monitored for the shunt patency according to the follow-up schedule by the same medical team in the gastroenterology clinic. In detail, US was performed before the discharge and at 1, 3 and 6 months after the procedure and every 6 months thereafter or whenever was clinically necessary. TIPS dysfunction was suspected on US if the intrastent flow velocity was less than 60 cm/s or higher than 120 cm/s or if there was a change in the direction of the flow in the intrahepatic portal branches in comparison with the previous US findings. TIPS dysfunction was defined as the shunt narrowing more than 50%, a PPG higher than 12 mm Hg or both. Primary patency was defined as the length of time without reintervention.
Statistical Analysis
The results are expressed as the mean ± standard deviation. The primary patency rates at 12 months were compared between the Wallgraft and the Fluency patients with the log-rank test. A p value of less than 0.05 was considered to indicate a statistically significant difference. All calculations were performed by using the SPSS version 20.0 software (SPSS Inc., Chicago, IL, USA) for the Windows.
RESULTS
Technical success of PS creation with a covered stentgraft was achieved in all 18 patients (100%). No severe complications occurred during any procedure. The 30-day mortality rate was 0%. The mean PPG decreased from 25.5 ± 7.3 mm Hg (range, 16-37 mm Hg) before to 10.9 ± 2.3 mm Hg (range, 7-16 mm Hg) after PS creation. In one patient (#6), it was necessary to deploy two Wallgraft endoprostheses to cover the parenchymal tract and the hepatic vein. In the other 17 patients, a single device was Parallel Shunt for TIPS Dysfunction Treatment used, with a stent-graft length of 6 cm in 13 patients and 8 cm in four patients. In four patients (#2, #3, #9, #10) with Wallgraft endoprostheses, the PPG was not reduced to below 12 mm Hg; therefore, a 10 × 40 angioplasty balloon was utilized to dilate the stent-graft to its nominal diameter. Four patients (#2, #3, #16, #17) with a PPG higher than 12 mm Hg received the prophylactic embolization of varices with metal coils. Patient characteristics, technical data and outcomes are summarized in Table 1 .
After a mean follow-up period of 16.7 ± 10.8 months (range, 6-42 months), four patients (22.2%) had died. Two patients (#1, #7) died of liver failure, one patient (#9) died of hepatorenal syndrome, and one patient (#14) died of an unknown cause. Two patients (#2, #13) were lost to followup at 6 and 18 months after the procedure, respectively, but had no signs of shunt dysfunction at the last evaluation. Hepatic encephalopathy developed in three patients (#1, #8, #18) after PS creation, and it resolved after protein restriction and lactulose administration.
Four patients developed recurrent TIPS dysfunction during the follow-up period, of whom three (#4, #5, #12) presented with recurrent gastrointestinal bleeding and one Note.-*Diameter of parallel shunt was dilated from 8 mm to 10 mm. TIPS = transjugular intrahepatic portosystemic shunt, PPG = portosystemic pressure gradient, HBV = hepatitis B virus infection, HCV = hepatitis C virus infection, BCS = Budd-Chiari syndrome (#13) was diagnosed with US findings. One patient (#4) received a third PS creation, because the initial two shunts could not be accessed (Fig. 1) . Angioplasty of the second PS and insertion of an additional stent-graft was performed in the other three patients (Fig. 2) . The primary shunt patency rate at 12 months after PS creation was 70% with the Wallgraft endoprostheses and 87.5% with the Fluency endoprostheses (log-rank test, p = 0.358).
DISCUSSION
Transjugular intrahepatic portosystemic shunt is widely (13-16). However, the application of this intervention has been limited due to a high rate of TIPS dysfunction. Therefore, a close shunt surveillance and frequent secondary interventions are the necessary followup requirements to maintain the shunt efficiency. Transjugular intrahepatic portosystemic shunt dysfunction has been attributed to three different mechanisms: acute thrombosis within the stent; pseudointimal hyperplasia secondary to the biliary leaks of the lacerated bile ducts into the shunt lumen; and intimal hyperplasia in the outflow hepatic vein (7, 17) . Additionally, preliminary stent-graft position within the outflow hepatic vein plays an important role in the TIPS patency. The turbulence and shear stress from the increased shunt flow can provoke the acceleration of pseudointimal hyperplasia and predispose the patients to shunt dysfunction. Clark and his colleagues have demonstrated that TIPS extending to the hepatocaval junction has a better patency than the shunts terminating in the hepatic vein (18) . Based on the previous clinical studies and our experience, we were careful in bridging the complete tract to the IVC in the present series.
To date, several interventions have been utilized to treat the dysfunctional TIPS, including angioplasty, placement of an additional stent-graft and PS creation (19) . The preferred intervention is a placement of an additional stent after negotiating the initial stenotic or the occluded shunt. This not only allows for the restoration of the TIPS functions, but it may also be related to the improved shunt patency aided by the reinforcement and the radial strength of the second stent. If access to the existent shunt appears to be impossible, the creation of PS may be necessary, although in some instances the catheterization of a different hepatic vein may be difficult. In 1998, Dabos et al. (19) first described a series of 29 patients undergoing the PS insertion, suggesting that the PS patency without further intervention is slightly superior to the patency of the first shunts. In 2006, Helmy et al. (20) described the natural history of PS in 40 patients with the TIPS insufficiency. After a mean follow-up period of 11.6 months, both the PS and the index shunt in the non-PS group behaved in a similar way regarding the cumulative primary shunt patency rates at 6, 12, 24 and 36 months (60.3%, 33.6%, 22.4% and 7% vs. 65.1%, 46.1%, 18.5% and 8.5%).
Compared with the previously published reports, our series had a relatively small number of patients. The application of the Doppler ultrasonography and the contrast-enhanced ultrasound in detecting shunt dysfunction is widely accepted, which may identify stenosis in the early stages. In our institution, when the primary guidewire recanalization via the right jugular vein fails, a direct puncture of the end of the stent or revision via the left jugular vein may be attempted. Moreover, some investigators have described a combined transjugular and transhepatic approach. After puncturing the stent lumen transhepatically, a guidewire is passed through the shunt and snared through the internal jugular access (21, 22) . Considering the improvement of surveillance methods and the multiple interventional techniques used for TIPS revision, the number of patients undergoing the PS creation has decreased gradually. In our series, the transcaval PS creation was carried out in one patient with Budd-Chiari syndrome and in another patient whose hepatic vein could not be catheterized due to the previous shunt blockage. Transcaval TIPS was first described by Haskal et al. (23) in 1996. In their cases of the study, the hepatic veins were inaccessible or inadequate as the cephalad locations of the portal vein bifurcation were close to the hepatic veins.
In addition, various experimental and clinical studies have verified the application of ePTFE-covered stent-grafts in de novo TIPS creation and TIPS revision (5, 8, 21, 24, 25) . The ePTFE is utilized as a cover material for the stentgrafts, separating the blood flow within the shunt from the liver parenchyma and from the injured outflow hepatic vein. After the creation of TIPS with an ePTFE-covered stent-graft, the shunt flow is maintained by inhibiting the overgrowth of the pseudointimal hyperplasia in the parenchymal tract or along the outflow hepatic vein. Park JS also found that the intraluminal irradiation with Holmium-166 for the TIPS significantly improved the TIPS patency in a swine model (26) . In the present study, a PS creation with the ePTFE-covered stent-grafts was performed in the latter nine patients. The differences between the Wallgraft endoprostheses and the Fluency endoprostheses did not reach statistical significance due to the small number of patients enrolled, but our data do show a tendency favoring the ePTFE-covered stent grafts.
The limitations of this study are multiple: the small patient series (n = 18); the lack of a contemporaneous control group; a mean follow up of only 16.7 ± 10.8 months; and the retrospective design. In addition, only the clinical outcomes were studied without the performance of the direct shunt venograms during the follow-up to evaluate the PS patency. Despite these limitations, our data suggest that the creation of PS with the covered stent-grafts is safe, feasible and clinically effective in the treatment of TIPS dysfunction, providing a favorable primary shunt patency. However, these observations need to be further validated.
